The evolution of the dislocation substructure during the accelerating creep stage in the single crystal nickel-based superalloy, CMSX-4, was investigated through the microstructural observation of interrupted creep specimens at 1273K-160MPa. The dislocation substructure evolved, not within v, but at the y/y' interface and in the y channel. The dislocation density at the y/f interface increased with increasing creep deformation. The correlation between the dislocation density and the creep rate during the accelerating creep stage led to an equation relating the creep rate to the fifth power of the dislocation density. This result was quite different from the supposition proposed by Dyson et al. that the creep rate during the accelerating creep stage would be directly proportional to the dislocation density. They supposed that the dislocations at the y/f interface acted as mobile ones. The thickness of the y channel increased with creep, and the creep rate during the accelerating creep stage was proportional to the fifth power of the thickness of the y channel. The increase in the thickness of the y channel meant the increase in the radius of dislocation curvature in the y channel, then the loss of creep resistance during the accelerating creep stage would be interpreted by an increase in the radius of dislocation curvature. This same correlation between the creep rate during the accelerating creep stage and the thickness of the y channel at 16OMPa was confirmed in the wide stress range of 100 to 400MPa. Using the creep rate-y channel thickness curves, the creep rate at the certain thickness of the y channel were estimated, and the stress-creep rate curve at the certain thickness of the y channel could be drawn. Comparing the measured stress-creep rate curve with the estimated stresscreep rate curve (at the certain thickness of the y channel), the lager creep rate was obtained at a lower stress level, and this was also interpreted by an increase in the thickness of the y channel. Consequently, the present experimental evidence, showing the effect of the thickness of the y channel on the creep rate was confirmed.
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Microstructural changes during creep
The scanning electron micrographs of the specimens tested for 1.08x105, 1.08~10~ and 3.24~10% are shown in Fig. 3 .
The stress axis was the normal direction of these photos.
By subjecting the creep testing time of 1.08~10~~ (Fig. 3a) ,
at the latter half of the transient creep stage, the -$ phase is remained cuboidal, whereas some of the cuboidal y phase contact each other. After connecting to each other, the lamellar r/f structures, that is, rafted y structures, form than that of the specimen tested for 1.08~10% (Fig. 7 ).
In the specimen tested for 3.24x10%, at the end of the accelerating creep stage, Fig. 9 , where B=[lOl], the dislocations are tangled with each other. The dislocation density at the y/r interface is considerably higher than that -. Consequently, it is difficult to state that the increase in the creep rate during the accelerating creep stage results from an increase in the dislocation density at the ylf interface.
In general, an increase in the creep rate during the accelerating creep stage of the polycrystalline heat-resistant alloys has been thought to be mainly attributable to the stress increase by the reduction of the cross-sectional area due to mechanical damage such as initiation and propagation of cracks 7)*). However, no cracks and voids were 21 
I
Dislocation density at ylv interface (mm-2) Fig. 11 . Relation between the creep rate during the accelerating creep stage and the dislocation density at the -$v interface. observed even in the scanning electron micrograph of the specimen tested for 3.24x10%, at the end of the accelerating creep stage (Fig. 3~) . Therefore, it was difficult to claim that the creep rate during accelerating creep stage of this single crystal nickel-based superalloy was attributable to the stress increase due to mechanical damage. On the other hand, it was reported that an increase in the creep rate during the accelerating creep stage of the polycrystalline heat-resistant alloys was caused by the loss of creep resistance through the microstructural changes"-l@. Kondo et al. revealed that the minimum creep rate of the single crystal nickel-based superalloy directly correlated with the radius of dislocation curvature which was the reflection of the thickness of the y channel, independent of the shape and the size of y phase'). Then, the change in the thickness of the y channel with creep deformation was examined. From the SEM observation of the specimens tested for 1.08x105, 1.08~10~ and 3.24~10% as shown in Fig.  3 , the thickness of the y channel seemed to increase with an increase in the creep testing time. The thickness of the ychannel of the interrupted specimens was plotted as a function of the creep testing time as shown in Fig. 12 . The thickness of the y channel increased immediately after loading and increased markedly after lo'%, when -j phase rafting occurred. This increase in the y channel corresponded to the increase in the creep rate during the accelerating creep stage, Fig. 2 . The creep rate during the accelerating creep stage was plotted as a function of the thickness of the y channel in Fig. 13 . The correlation between the creep rate during the accelerating creep stage and the thickness of the y channel was linear on a log-log scale, the slope being five. Consequently, an increase in the creep rate during the The thickness of the y channel (pm) Fig. 13 . Relation between the creep rate during the accelerating creep stage and the thickness of the y channel of the interrupted specimens.
accelerating creep stage was caused by the loss of creep resistance through an increase in the thickness of the y channel. High magnification transmission electron micrographs of the specimens creep tested for 1.08x105, 1.08~10~ and 3.24~10% was shown in Fig. 14, where B=[lOO] . The bent dislocation with the small radius of curvature was observed within the y channel of the specimen creep tested for 1.08~10% (Fig. 14a) , at the latter half of the transient creep stage. The radius of dislocation curvature of the specimen creep tested for 1.08~10% (Fig. 14b) , at the minimum creep rate, was larger than that of the specimen creep tested for 1.08~10% and smaller than that of the specimen creep tested for 3.24~10% (Fig. 14c) , at the end of the accelerating creep stage. The radius of dislocation curvature of these specimens cannot be quantitatively compared with that of the other specimens because the electron beam direction was not perpendicular to (111) planes which were the slip plane of FCC metals. But the radius of dislocation curvature seemed to increase with increasing the creep testing time. Here, the radius of dislocation curvature, R,, is inversely proportional to the shear stress, 2 = AIR, (A ; constant), therefore the smaller radius of dislocation curvature resists a larger shear stress1g).21). Conversely, an increase in the radius of dislocation curvature facilitates dislocation motion. The measurements of the radius of dislocation curvature The estimated stress-creep rate curve was compared with the measured one, the dotted line. The estimated creep rate was smaller than the measured one under the stresses less than 250MPa. In this case, the rafted f structures acted as a creep weakener, whereas the measured creep rate was approximately equal to the calculated one at the higher stresses than 250MPa where they phase remained cuboidal. From these results, it was concluded that an increase in the creep rate at the lower stresses caused by an increase in the thickness of the y channel due to the y phase rafting. The results can be summarized in the following.
1) The y/f lamellar structures were formed perpendicular to the stress axis at the minimum creep rate, but regularity of the rafted f diminished at the accelerating creep stage.
2) The dislocation substructure was not formed in the y' phase, and the dislocation density at the yly interface increased with the creep deformation.
3) The correlation between the creep rate during the accelerating creep stage and the dislocation density at the y/y' interface was linear on a log-log scale, the slope being where the cuboidal y phase turned to the rafted structure.
9) From these results, it was concluded that an increase in the creep rate at the lower stresses caused by an increase in the thickness of the y channel due to the y phase rafting. 
